Background: The prognostic role of neutrophil-to-lymphocyte ratio (NLR) in esophageal cancer (EC) remains controversial.
Introduction
Esophageal cancer (EC)is one of the most common malignances with high mortality, which caused an estimated 477,900 new cases and 375,000deaths in China, 2015. [1] Esophageal squamous cell carcinoma (SCC) and adenocarcinoma (AC) are the 2 dominant pathological types. SCC is endemic particularly in eastern countries, while AC is more popular in western countries. [2] Although there have been advances in the diagnostic and treatment technologies, the prognosis of EC is still poor with 5-year survival rate about 20%. [3] The tumor-nodes-metastasis (TNM) stage is the most important prognostic factor. However, many studies have found that the prognosis is different even for patients within the same TNM stage. Therefore, it is important to identify other prognostic factors and to determine the optimal treatment strategies for the improvement of 5-year survival rate.
More and more evidences have found that the systematic inflammation response plays a key role in tumorigenesis and progression. Cancer-related inflammation can cause DNA damage, promote angiogenesis and cell proliferation, influence tumor cell invasion and metastasis. [4, 5] The biochemical or hematological markers have been proposed as measurement of the systemic inflammatory response among patients with cancer. The most common used parameters included Glasgow Prognostic Score (GPS), platelet-to-lymphocyte ratio (PLR), lymphocyte-tomonocyte ratio (LMR), and neutrophil-to-lymphocyte ratio (NLR). The prognostic roles of these parameters have been demonstrated in various cancers, which implies the elevated systemic inflammation is correlated with poorer outcome. [6] [7] [8] [9] NLR, calculated as neutrophil counts divided by lymphocyte counts, is suggested as a useful prognostic marker for solid cancers. However, the prognostic significance of NLR in EC is still controversial. Several studies demonstrated that NLR had prognostic value in localized and advanced EC. [10, 11] However, some studies reported that high serum NLR had no prognostic value in patients with EC. [12, 13] The possible reason is due to the variance in the study design, sample size, follow-up time and treatment strategies. Therefore, it is necessary to perform a metaanalysis to comprehensively and systematically evaluate the prognostic value of NLR in the oncologic outcomes of EC patients.
Materials and methods

Search strategy
We performed the meta-analysis according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2009 guidelines. [14] PubMed, Embase, and Web of Science databases were searched for relevant articles until June, 2018. The main search terms included: "NLR" (e.g., "neutrophil lymphocyte ratio", "neutrophil to lymphocyte ratio", "neutrophil-to-lymphocyte ratio") and "esophageal neoplasm" (e.g., "esophageal cancer", "esophageal carcinoma", "EC") AND "prognosis" (or "survival"). Both full text and MeSH search for keywords were used. The publication language was limited to English. The reference lists and related articles in each identified publication were also reviewed for potential studies. Ethical approval is not required because this is a study based on aggregate data and did not involve humans.
Inclusion and exclusion criteria
Articles were included if they met the following criteria:
(1) patients with ECs were histopathologically confirmed, including SCC and AC; (2) the NLR was reported by blood test before treatment; (3) Hazard ratio (HRs) and 95% CIs for the associations between pretreatment NLR and survival outcomes were reported.
Articles were excluded if they met the following criteria:
(1) abstracts, letters, editorials, reviews, or case reports; (2) studies were not available in English; Figure 1 . Flow chat of literature search and selection. Otherwise, HRs from univariate analyses were used for analysis. The quality of the included studies was assessed through the Newcastle-Ottawa Quality Assessment Scale (NOS), which consists of 3 parts: selection (0-4 points), comparability (0-2 points), and outcome assessment (0-3 points). [15] The maximum score is 9 points and NOS score ≥7wasassigned as high-quality studies. Any disagreements in data extraction or quality assessment were resolved by joint discussion.
Statistical analysis
The pooled HRs and 95% CIs were used to evaluate the relationship between NLR and prognosis. A pooled HR>1 indicated a worse prognosis in EC patients with high level of NLR. Cochran's Q test and Higgins I 2 statistic were undertaken to assess the heterogeneity of the included studies. A P <.10 for Q test or I 2 > 50% for I 2 test suggested significant heterogeneity among the included studies and a random-effect model (Der Simonian-Laird method) was used to pool the outcome. [16] Otherwise, a fixed-effect model (Mantel-Haenszel method) was adopted. [17] Subgroup analyses using variables as country, histology, treatment, cut-off value, sample size and HR analysis method, were conducted to find sources of heterogeneity among studies. Sensitivity analysis was conducted to test the robustness of pooled outcomes of these studies by removing an individual study in sequence. Begg funnel plot and the Egger linear regression tests were used to assess the publication bias. [18, 19] All the statistical analyses were performed using STATA statistical software version 12.0 (STATA, College Station, TX). All P values were 2-sided. A P <.05 was considered statistically significant.
Results
The characteristics of included studies
The flow diagram of literature selection was presented in Figure 1 . A total of 452 articles were searched from Pubmed, Embase, and Web of science based on the search strategy. Finally, 33studies with a total of 11,039 patients, published between 2011 and 2018, were included in our meta-analysis according to the inclusion and exclusion criteria. [10] [11] [12] [13] DSS = disease-specific survival, NO = number, HR = hazard ratio, "M" means the HRcome from multivariate analysis, "U" means the HR comes from univariate analysis, NOS = Newcastle-Ottawa Quality Assessment Scale, R = Retrospective, SCC = squamous cell carcinoma, AC = adenocarcinoma, OS = overall survival, PFS = progression-free survival, DFS = disease-free survival, CSS = cancer-specific survival, NR = not reported, CMRT = chemoradiotherapy, Surg 1 : ± Neo CMRT/Surg/ ± Adj CMRT;Surg
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: Surg/ ± Adj CMRT;Surg3: ± Neo CMRT/Surg. , and 1 study (3.0%) on EC and disease-specific survival (DSS). Three studies reported the data of odds ratio (OR) and 1 study only reported the data of relative risk (RR), so we use the OR/RR to replace HR when pooled the data. HRs/OR/RR and 95%CIs were reported directly in all the studies.
NLR and OS in EC
There was significant heterogeneity among studies for HRs (I 2 = 66.70%; Ph < 0.001) in the 26 studies evaluating OS, so a random-effect model was performed to calculate the pooled HR and its 95% CI. The pooled HR of 1.390 (95% CI: 1.235-1.545) indicated that patients with elevated NLR had poor OS (Fig. 2) .
NLR and DFS in EC
There were 10 studies with 2837patients presenting the HR and 95% CI of NLR to DFS. The combined data showed that elevated NLR was associated with short DFS (HR = 1.409; 95% CI: 1.123-1.695, P <.001) with obvious heterogeneity (I 2 = 74.2%, Ph < 0.001) (Fig. 3) .
NLR and PFS/RFS in EC
No obvious heterogeneity was found among studies evaluating PFS/RFS, so a fixed-effect model was performed to calculate the pooled HR and its 95% CI. The pooled HR of related studies showed that the elevated NLR was associated with shorter PFS (HR = 1.398; 95% CI: 1.147-1.649, P <.001) and RFS (HR = 1.509; 95% CI: 1.113-1.905, P <.001) (Fig. 4) .
NLR and CSS/disease-specific survival in EC
7 studies with 1885patients reported the data of pretreatment NLR and CSS/DSS in EC. Elevated NLR was associated with poor CSS/DSS (HR = 1.380; 95% CI: 1.065-1.694, P <.001) without obvious heterogeneity (I 2 = 50.6%, Ph = 0.306) (Fig. 5 ).
Subgroup analyzes
In consideration of the high heterogeneity, we performed subgroup analyses to identify the source of heterogeneity. Subgroup analyses by country revealed that NLR was a negative predictor of OS for patients from different countries. NLR was negatively associated with OS in separated SCC and AC patients. To treatment strategies, we found the pooled HR for patients receiving surgery was 1. Table 2 .
Considering the limited number of related studies providing data for NLR and DFS, PFS, RFS, and CSS, there is no need to conduct other subgroup analyses.
Sensitivity analyses
Sensitivity analysis was conducted by omitting each single study to identify the influence of the individual study on the pooled HRs for OS. The results were not substantially changed when any study was excluded, indicating the robustness of our findings (Fig. 6 ).
Publication bias
Begg funnel plot and Egger test linear regression test were conducted to evaluate the publication bias. Publication bias was detected for OS (Pr>jzj = 0.201 for Begg test and P = .003 for Egger test). Therefore, we performed the "trim and fill" analysis for studies focusing on OS. It was estimated that 4 studies evaluating the prognostic value of NLR to OS remained (2018) 97:49 www.md-journal.com unpublished (Fig. 7) . The adjusted result (HR = 1.402, 95% CI: 1.237-1.590) was similar to our pooled results. Additionally, publication bias was also found in terms of DFS (Begg test, Pr>jzj = 0.297 or Egger test, P = .043). Because of the limited number of included studies, publication bias was not evaluated on NLR to PFS, RFS or CSS.
Discussion
This meta-analysis aimed to examine the associations between elevated pretreatment NLR and oncologic outcomes of EC patients. Our results, including 33 individual studies of 11,039 patients, indicated that elevated NLR significantly predicted poor OS (1.390, 95% CI: 1.235-1.545) of EC patients. Although heterogeneity existed, the prognostic significance was not weakened by subgroup analyses stratified by country, histology, treatment method, sample size, cut-off value of NLR and HR estimation method. Subgroup analysis indicated the result was significant for patients from different countries. Poor OS with elevated NLR could be found both in SCC and AC. There was also a significant association between NLR and sample size 200 or >200. Cut-off values of elevated NLR were various. We performed subgroup analyses based on NLR cut-off values and found that patients with a low NLR had a better OS, regardless of the NLR cut-off values. Subgroup analysis stratified by HR estimation method also revealed that NLR had a negative effect on OS. Similarly, we found that elevated NLR was also related with shorter DFS, PFS, RFS, or CSS. According to our inclusion and exclusion criteria, all the included articles were retrospectively observational studies, so we did not statistically analyze the impact of study design on the outcomes. Taking all these into consideration, NLR may be a significant biomarker in the prognosis of EC. Inflammation is a hallmark of cancer. The mechanism between inflammation and tumor progression has not been figured out exactly. Tumor-associated systemic inflammatory response is believed to correlate with prognosis and survival outcomes in cancer patients by promoting angiogenesis and distal spread, suppressing antitumor immunity and impacting response to anticancer therapies. [4] As an important part of systemic inflammatory response, tumor-infiltrating neutrophils have been recognized as an important element in tumor progression with various tumor-promoting features. More and more evidences demonstrate that tumor-infiltrating neutrophils might be associated with a poor prognosis through the promotion of angiogenesis, cell mobility, and migration. [49, 50] Lymphocytes as crucial elements in innate and adaptive immune system play a vital role in the process of T cell-mediated anti-tumor response. The tumor infiltrating T cells could induce cytokine secretion such as IL-4 and IL-5 to regulate the angiogenesis, proliferation, apoptosis, and metastasis of cancer. The decrease in lymphocyte number could weak the immune response against tumors. Lymphocytopenia has been demonstrated to predict a poor prognosis in terms of survival. [51, 52] Taken together, increase of NLR, the relative value of a combined elevated neutrophil or decreased lymphocyte could predict the potential suppression of host immune response and surveillance to tumor cells. Hence, NLR, which is available from blood routine test in daily clinical work, may be a promising prognostic marker for the clinical decision-making process to improve the survivals.
The prognostic role of NLR has also been researched in other cancers. Mu et al conducted a meta-analysis and found that multiple myeloma patients with higher NLR were more likely to have poorer prognosis than those with lower NLR.
[53] Takenaka et al found higher NLR was associated with poorer OS, DSS, PFS, and distant metastasis-free survival in nasopharyngeal carcinoma. [54] Szor et al revealed an association of high NLR with older age, male gender, lower 5-year overall survival (OS), increased depth of tumor invasion, positive nodal involvement in resected gastric cancer patients. [55] In addition to NLR, the prognostic role of other parameters, such as platelet to lymphocyte ratio (PLR), trophoblast cell surface antigen, prognostic nutritional index (PNI) has also been researched in cancer patients. In our previous meta-analysis, we found high PLR was is associated with poor OS in patients with EC. PLR may be a significant predictive biomarker in patients with EC. [56] Xu et al found trophoblast cell surface antigen 2 overexpression was a predictive factor to the prognosis of solid cancers. [57] Zhao et al found PNI was allowed to function as an efficient indicator for the prognosis of patients with digestive system carcinomas. [58] Besides the intrinsic defects of meta-analysis, there were some limitations in our research. First, all of the included studies were retrospective, which was more prone to some biases. Second, this research was limited to articles published in English language and some studies that only provided a Kaplan-Meier curve were also excluded, which could lead to the publication bias. Third, some included studies evaluated the prognostic role of NLR in multivariate analysis, whereas some used univariate analysis, which may impair the accuracy when the data were pooled. More important, significant heterogeneity was observed in the results due to confounding factors, such as the source of patients, pathological types, treatment strategies, duration of follow-up, sample size, cut-off value of NLR, statistic method. Though we performed subgroup analyses and sensitive analyses, but it could not completely explain the heterogeneity. The significant heterogeneity may affect the interpretation of the results. Further meta-analyses including additional studies and large sample sizes are needed to correct for publication bias and heterogeneity.
In conclusion, evaluation of NLR is a cost-effective method that is widely available in daily clinical work. Furthermore, it is an effective prognostic factor, as high values of this biomarker are related to aggressive tumor characteristics and poor survival outcomes. This ratio can be used to stratify the risk of patients within the same disease stage and is a promising prognostic marker for the clinical decision-making process on EC therapy. However, because of the limitations listed above, more studies with well-designed and large-scale are needed to confirm the conclusion in future. 
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